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Dengue virus universal and dengue serotype 1 to 4. fiuoro-
genic probe hydrolysis (TaqMan), reverse transcription-poly-
merase chain reaction assays were developed for screening
and serotype identification of infected mosquito vectors and
human sera using a field-deployable, fluorometric thermocy-
cler. Dengue universal and dengue 1 to 4 serotype assay in
vitro sensitivity and specificity results were 100% concordant
when tested with total nucleic acid extracts of multiple strains
of dengue serotype 1 to 4, yellow fever, Japanese encephalitis.
West Nile, and St. Louis encephalitis viruses. The in vitro
sensitivity and specificity results for all five assays were con-
cordant when tested with a blind panel of 27 dengue virus-
infected mosquitoes, 21 non-dengue (yellow fever. West Nile,
or St. Louis encephalitis) flavivirus-infected mosquitoes, and
11 uninfected mosquitoes and with clinical specimens con-
sisting of a human serum panel of eight dengue viremic and 31
non-dengue-infeeted febrile patient serum samples. No cross-
reaction occurred with vector species or human genomic DNA.
Sample processing and polymerase chain reaction required
<2 hours.

D
Introduction

engue fever (DF) and the more severe forms of the disease,
i.e., dengue hemorrhagic fever (DHF) and dengue shock
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syndrome, occur in tropical and subtropical regions globally
through infection by one or more of four viral serotypes (dengue
serotypes 1 - 4).' Dengue virus is a member of the genus Fiavivi-
rus. family FlaviWridac, that is transmitted in a cycle that pri-
marily involves humans and mosquito vectors, most signifi-
cantly Aedes aegypti in developing urban regions and A. aegypti
as well as Aedes albopictus in semiurban areas and rural
regions,'"''The prevalence of dengue virus is now comparable to
that of malaria, making DF the most significant mosquito-bome
wal disease, threatening two-iifths of the world's human pop-
ulation.*̂ '̂  It is estimated that 50 to 100 million people are
affected annually with DF and 300,000 with DHF/dengue shock
syndrome.''

Dengue ylrus surveillance and DF/DHF diagnoses are
problematic. Symptoms are usually nonspecific, and serolog-
ical analyses or virus isolation can take 1 week or more.''^'^
Antibody cross-reaction occurs across the Flaviviridae family,
creating ambiguity.'°" To augment clinical laboratory diag-
nostic capability, dengue virus reverse transcription (RT)-
polymerase chain reaction (PCR) assays have been developed
for use with laboratory-based instrumentation.'^"'" In areas in
which clinicai laboratory diagnostics are not available, field sur-
veillance is an essential element in achieving timely assess-
ments of transmission risk and time-critical implementation of
appropriate tnosquito control measures and clinical responses
in a potential outbreak situation. Rapid identification of circu-
lating virus serotypes and causative serotypes in prexious out-
breaks is fundamental to risk assessment for DHF.

Given the expansion of expeditionary operations worldwide.
U,S. Armed Forces are at risk for acquiring a variety of infec-
tions, including dengue. After World War II. a dengue pan-
demic in Southeast Asia marked expanded emergence of the
virus, with epidemics caused by multiple serotypes. '̂  With no
licensed vaccine available. DF and other febrile diseases re-
main a threat to U.S. military operations, as obsen'ed
throughout the history of conflict'^ and most recently during
Operation Restore Hope.̂ " This threat drives the need for
improved far-forward surveillance and rapid diagnosis of fe-
brile illnesses. In the past several years, PCR has been shown
to be a military field-worthy technique for rapid identification
of biological agents. '̂"^^ In this work, we describe a PCR-
based assay system for rapid, sensitive, specific screening of
dengue virus and serotype identification in mosquito vectors
and human sera, using deployable instrumentation.
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Methods

Primer and Probe Design

Given that an established. TaqMan-based, [Synthetic Genet-
ics. Rock\ille. Maryland), RT-PCR. universal dengue virus assay
was not obtainable from the literature, primer and probe se-
quences were selected by aligning homologous genomic regions
of serotypes 1 to 4 that excluded other clinically significant
flaviviruses. Alignments were compared visually using the
Clustal algorithm^-' in the MegAlign program of DNA Star soft-
ware (Perkin Elmer. Norwtilk. Connecticut).^^ Maximally con-
served oligonucleotide sequences were chosen from dengue vi-
rus type 1 to 4 genomes downloaded from GenBank (accession
numbers U88536, M19197, M93130, and AF326825, respec-
tively). Yellow fever. Japanese encephalitis. West Nile, and St.
Louis encephalitis virus-type strain genomic sequences were
aiigned and \1sually evaluated to validate heterology wilh uni-
versal primer and probe sequences (GenBank accession num-
bers X03700/K02749, M18370, M12294/M10103. and
AF242895, respectively). Universal primer and probe sequences
can be requested through the corresponding author. Serotype-
specific primer and probe sequences were obtained from the
literature (DEN-l,'^ DV-2,'3 DEN-3,'2 and DEN-4'2|. and heter-
ology was validated as described above. All probes reported here
are dual fluorogenic labels designed with a 5' reporter dye.
6-carboxytluorescein. and a 3' quencher dye, 6-carboxytetram-
ethylrhodamine,''̂ ''

Universal and serotype-specific primers and probes sequence
heterology with genomic sequences of closely related species
through diverse genera was validated by BLAST database
search (BLAST, Madison, Wisconsin). '̂ Melting temperatures
were quantified and the absence of significant primer dimeriza-
tions and secondary structure (hairpin) formations was con-
firmed with PrimerExpress software (PE Applied Biosystems.
Foster City. California). Primers and probes were synthesized
and quality control was conducted commercially (Synthetic Ge-
netics, San Diego, California). Assays were designated DU-JCM.
DEN-1, DEN-2, DEN-3, and DEN-4, respectively.

Flavivirus Reference Strains

To optimize RT-PCR assay sensitivity and specificity, nucleic
acid extracts of reference strains of dengue virus serotypes and
other flaviviruses were obtained from the Southwest Foundation
for Biomedical Research (San Antonio, Texas) and the Center for
Tropical Diseases. University of Texas Health Science Center
(Galveston. Texas). Species and strain nucleic acid extracts in-
cluded dengue 1 (Hawaii. Mochizuki. and 106), dengue 2
(SI6803, NGC, VEN2, 131. Mara-3. Mex44. ig2913. and
102954). dengue 3 (CH53489. H87. and 53402). dengue 4
(H241. Dakar NC599. and VEN4). yellow fever (Asibe. TVP834,
and TVP8249). Japanese encephalitis (JKT9092, PhAnlO91,
and JKT8442). West Nile vims (Crow 397-99. TVP3545, and
TVP8345). and St, Louis encephalitis (Fort Washington,
TVP8314, TVP8344. and LA2001).

Assay Optimization

Relative sensitivity levels of each assay were optimized with
six logarithmic dilutions of each dengue serotype. prepared by
diluting nucieic acid extracts 1:10 in RT-PCR-grade water with 2

U of RNase inhibitor. The specificity of each assay was tested
with undiluted samples and four logarithmic dilutions of each
heterologous dengue serotype and other flaviviruses, prepared
by dilution as described above.

Mosquito Panels

To validate RT-PCR assay in vitro sensitivity and specificity,
mosquito panels were prepared at the Virology Division. U.S.
Army Medical Research Institute for Infectious Disease (USAM-
RIID") (Fort Detrick, Maryland), One- to 6-day-old. adult, female,
A. aegypti mosquitoes were inoculated intrathoracically^" with
one of the following viruses: dengue 1 (Hawaii), dengue 2
(S16803). dengue 3 (CH53489). dengue 4 (H241). yellow fever
(Asibe). West Nile (Crow 397-99), or St, Louis encephalitis (Fort
Washington). Mosquitoes were held in cardboard cages, pro-
vided with a carbohydrate source (either apple slices or a gauze
pad soaked in a 10% sucrose solution) and a water-soaked
cotton pledget, and held at 26T for 7 days. Mosquitoes were
then killed by exposure to -20°C for 5 to 10 minutes, and one to
six legs were removed for analyses. Legs were triturated in
grinding diluent (10% heat-inactivated fetal bovine serum in
medium 199 with Earle's salts, NaHCO .̂ and antibiotics) and
tested for the presence of virus by plaque assay on LLC-MK-2
cells. One virus-inoculated or one unexposed mosquito body
was added to each pool of uninfected mosquitoes. These were
placed in sterile, 1.5-mL. Eppendorf tubes and triturated in 750
/xLofTRIzol-LS (Life Technologies, Rock\111e. Maryland), A panel
was established, labeled under code at USAMRIIE), and shipped
on dry ice to the Epidemiological Surveillance Diiision. U.S. Air
Force Institute for Environment. Satety. and Occupational
Health Analysis. Brooks Air Force Base (San Antonio. Texas), for
nucleic acid extraction and blind RT-PCR analyses (Table I),

Clinical Specimens

Human blood specimens were collected during a DF epidemic
in Tegucigalpa, Honduras, in February 2002. by the U.S. Army
Center for Health Promotion and Preventative Medicine-West in
collaboration with the Houduran Ministry of Health (HMOH).
from a total of 39 febrile and convalescent patients 0 to 5 days
after the onset of fever and after defervescence, respectively. The
HMOH confirmed the presence of dengue virus by serological
testing (Table II). and tbe specimens were archived at -20°C.
Sera were subsequently thawed, and 500-;U.L aliquots of each
specimen were prepared and labeled under code by the HMOH
and shipped on dry ice to the Air Force Institute for Environ-
ment, Safety, and Occupational Health Analysis, Serum sam-
ples were stored at -20°C for 2 weeks, thawed, maintained at
4'̂ C for 72 hours during nucleic acid extractions and blind
validation testing with RT-PCR assays, and archived at -20°C.
Before RT-PCR analyses, each serum sample had undergone at
least two freeze-thaw cycles. The duration of exposure of the
specimens to ambient temperatures throughout collection, pro-
cessing, serological analyses, and preparation for shipping is
unknown.

RNA Preparation

Individual mosquitoes and mosquito pools were homogenized
in 500 ,uL and 1.000 /xL of TRIzol (Life Technologies), respec-
tively, with sterile. RNase-free pestles and 1,5-mL tubes, ho-
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TABLE I

RT-PCR RESULTS OF DENGUE VIRUS ASSAY TESTING OF INFECTED MOSgUITOES

Panel

101
104
105
106
109

no112
113
114
117
118
120
121
123
124
125
127
128
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
Til
228

Virus

Dengue 1
Dengue 4
None
Dengue 1
Dengue 4
None
Dengue 4
Dengue 1
None
Dengue 4
None
Dengue 1
None
Dengue 4
Dengue 1
None
Dengue 4
Dengue 1
Dengue 3A
Dengue 2
Dengue 3B
None
Dengue 2
Dengue 3A
Dengue 2
Dengue 3B
None
None
Dengue 3A
Dengue 3B
Dengue 2
None
Dengue 2
Dengue 3B
Dengue 3A
None
Dengue 3B
Dengue 3A
Yellow fever
St, Louis encephalitis
West Nile
Dlluant
Yeilow fever
St, Louis eneephalitis
West Nile
Diluant
West Nile
Dlluant
Yellow fever
St, Louis encephalitis
West Nile
St, Louis encephalitis
West Nile
Dlluant
Yellow fever
St. Louis encephalitis
Yellow fever
Diluant
West Nile
St. Louis encephalitis
Yellow fever
Diluant
West Nile
Yellow fever
St. Louis encephalitis
Dlluant

Strain

Hawaii
H241

Hawaii
H241

H241
HawaU

H241

Hawaii

H241
Hawaii

H241
Hawaii
H87
SI 6803
CH53489

S16803
H87
SI6803
CH53489

H87
CH 53489
SI 6803

SI 6803
CH 53489
H87

CH53489
H87
Asibe
Fort Washington
Crow 397-99

Asibe
Fort Washington
Crow 397-99

Crow 397-99

Asibe
Fort Washington
Crow 397-99
Fort Washington
Crow 397-99

Asibe
Fort Washington
Asibe

Crow 397-99
Fort Washington
Asibe

Crow 397-99
Asibe
Fort Washington

Plaque-Forming
Units per Leg

3
3,6
1 uninfected
3.2
3.6
1 uninfeeted
3
2.9
1 uninfected
2.6
1 uninfected
3
1 uninfected
3.3
3
1 uninfected
3.1
3
2
3.9
3.6
1 uninfected
4.2
3,6
3,6
4
1 uninfected
1 uninfected
2,8
4
4,3
1 uninfeeted
4,3
3,9
2,2
1 uninfected
3
3
4
5

>5
0
3,9
5

>5
0

>4,5
0
3,7

>4,0
>4,5
>4,0
>4,5

0
4

>4,0
3,1
0

>4.5
>4,0

4
0

>4.5
4

>4.0
0

DU-JCM

Positive
Positive

—
Positive
Positive
Positive
Positive
Positive
Positive
Positive

—
Positive

Positive
Positive

—
Positive
Positive
Positive
Positive
Positive

—
Positive
Positive
Positive
Positive

—
.—

Positive
Positive
Positive

—
Positive
Positive
Positive

—
Positive
Positive

—
—

—

—

—

—

—

—
—

DEN-1 DEN-2

Positive —
.—
—

Positive —
—
— —
— —

Positive —
Positive —

—
—

Positive —

—
Positive —

—
—

Positive —
— __
— Positive
— —
— —
— Positive
— —
^ Positive
— —
— —

— Positive
—
— Positive
—
,—
— —
—
—

,
— —
—

— —

—

—

™ _

— —

_ _

— —

_ _

— —

DEN-3

—
—

Positive

Positive

Positive

Positive

Positive
Positive
Positive

.

Positive
Positive

—
Positive
Positive

—

. ,
—

_

_
—

-_
—

—
_

_
_
_

—

DEN-4

-_
Positive

Positive

Positive

Positive

Positive

Positive

.

_

_
_
—

_
_

_

_

_

-
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TABLE II

RT-PCR RESULTS OP DENGUE VIRUS ASSAY TESTING OF HUMAN SERUM

No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

Sample

02-2935
02-2938
02-2945
02-2948
02-2943
02-2964
02-2965
02-2958
02-2963
02-2968
02-2934
02-2955
02-2957
02 2960
02-2932
02-2931
02-2933
02-2942
02-2921
02-2888
02-2882
02-2878
02-2972
02-2909
02-2978
02-2117
02-2115
02-1720
02-2238
02-2969
02-2144
02-2114
02-2101
02-2125
02-1846
02-2874
02-2116
02-2877
02-2869

Colleetion Date

7ni2om
7/7/2002
5/7/2002
7/7/2002
6/7/2002
3/7/2002
4/7/2002
7/7/2002
3/7/2002
3/7/2002
6/7/2002
7/7/2002
6/7/2002
3/7/2002
6/7/2002
7/7/2002
5/7/2002
7/7/2002
5/7/2002
3/7/2002
5/7/2002
4/7/2002
3/7/2002
2/7/2002
08/07/02
27/06/02
27/06/02
23/06/02
i/7/2002
3/7/2002
30/06/02
29/06/02
26/06/02
1/7/2002
25/06/02
4/7/2002
27/06/02
4/7/2002
4/7/2002

Serological Test

—
—
—
—
—

—
—

Dengue 2
—
—

Dengue 2
Dengue 2

—
—
—

_
—

Dengue 2
—
—
—
—
—

Dengue 2
—

Dengue 2
—

Dengue 2
—

Dengue 2
—
—
—
—
—
—

DU-JCM

—
_
—

—

—
—

Positive
—
—

Positive
Positive

—
—
—
—
—
—
—

Positive
—
—
—
—
—

Positive
—

Positive
—

Positive
—

Positive
—
—
—
—
—
—

DEN-1

—

—
—
—
—
—
—
—
—
—
—

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

DEN-2

—
—
—

—
—
—
—

Positive
—
—

Positive
Positive

—
—
—
—
—
—
—

Positive
—
—
—
—
—

Positive
—

Positive
—

Positive
—
—
—
—
—
—
—
—

DEN-3 DEN-4

— —
— —
— —
— —
_ _
— —
— —
— —
— —
— —
— —
— —
— —
— —
— —
— —
— —
— —
— —
— —
— —
— —
— —
— —
— —
— —
— —
— —
— —
— —
— —
— —
— —
— —
— —
— —
— —
— —
— —

All patient samples were collected during the acute febrile phase.

mogenates were cleared by centrifugation in a tabletop centri-
fuge at 12,000 rpm for 60 seconds, and total nucleic acid
extracts were prepared according to the manufacturer's instruc-
tions. Each extract was suspended in 100 p.L of RNase-free. PCR
grade water with 2 U of RNase inhibitor.

Human serum specimens were thawed at 4°C, and 140 pL of
each specimen were suspended in 560 fiL of the buffer AVL/
carrier RNA component of a preformatted, total nucleic acid
extraction kit (QlAamp viral RNA mini kit. Qiagen. Valencia,
California). Extracts were prepared and suspended in 60 pL of
elution buffer with the manufacturer's centrifugation protocol.

Reaction Conditions

Preliminary' assay optimizations and cross-reaction testing
were conducted with a laboratory-based, real-time thermocy-
cler. the LightCycler (Idaho Technology. Salt Lake City.

with Preformatted reagents [Titan one-tube RT-PCR kit. Roche
Molecular Biochemicals, Indianapolis. Indiana). Assays were
reoptimized for the Ruggedized Advanced Pathogen Identifica-
tion Device (R,A,P,I.D.) (Idaho Technology) with a proprietary
buffer system (Idaho Technology), and sensitivity and specificity
validation testing was completed.

Master mixture reaction solution was prepared. 18'/,tL vol-
umes were dispensed into optical capillary tubes, and 2 ^iL of
RNA extract from specimens and control samples were added (or
2 ,uL of PCR-grade water for no-template control samples). Cap-
illaries were placed in a tabletop centrifuge and centrifuged for
10 seconds at 3,000 rpm, to drive the assay mixture to the
bottom of the tube. Master mixture components were 0,20 mM
concentrations of dATP, dTTP. dGTP. and dCTP (Idaho Technol-
ogy). 2,5 mM Mn(AOc) (Roche Molecular Biochemicals), 2,5 U of
Tth polymerase (Roche Molecular Biochemicals). and 20% (v/v)

Militarv Medicine, Vol. 170. December 2005
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proprietary 5x RT buffer [Idaho Technology). The dengue virus
universal assay (DU-JCM) forward primer concentration was
0.50 /AM. reverse primer 0.50 fM. and TaqMan probe 0.50 ^M.
DEN-1. DEN-2, DEN-3, and DEN-4 had the same primer and
probe concentrations; the forward primer coneentration was
0.50 ixM. reverse primer 0.90 ^M. and TaqMan probe 0.10 jiM.

A standardized RT-PCR thermal cycling protocol was estab-
lished, consisting of RT at 40T for 30 minutes followed by initial
cDNA denaturation al 94''C for 2 minutes and PCR for 45 cycles
of 94''C for 0 seconds for template denaturation and 60^C for 20
seconds for combined annealing and primer extension. A single
data point at the end of each annealing-extension cycle was
collected and reported as TaqMan probe fluorescence released
by 5'-nuclease activit>' during primer extension. Fluorimeter
gains were set at 8, 2, and 2 for channels 1. 2. and 3, respec-
tively. Protocols for all five assays were identical with the excep-
tion of DEN-3, for which the extension temperature was 66X.
The criterion for a positive result was a significant increase in
fluorescence over background levels, as defined by an algorithm
provided in the R.A.P.I.D analytical software [Roche Molecular
Biochemicals).

Results

Assay Sensitivity and Specificity Testing with Flavivinis
Reference Strains

Preliminary assay sensitivity and specificity evaluations were
conducted with a knoun panel of total nucleic acid extracts from
dengue serotype 1 - to 4-infected A. aegypti inoculated with three
different strains of dengue 1. eight strains of dengue 2. three
strains of dengue 3. and three strains of dengue 4 and a cross-
reactivity test panel consisting of totai nucleic acid extracts from
multiple strains of other Flaviviridae [three strains each of yel-
low fever. Japanese encephalitis, and West Nile and four strains
of St. Louis encephalitis). In \itro sensitivity and specificity of
each assay were 100% concordant. No cross-reactivity was ob-
served with vector species [data not shown).

Assay Sensitivity and Specificity Testing with Mosquito
Panels

Testing of assay in vitro sensitivity and specificity was accom-
plished with a blind panel of 27 dengue-infected mosquitoes [six
dengue 1-infected mosquitoes, five dengue 2. 10 dengue 3. and
six dengue 4). 21 non-dengue-infected mosquitoes [seven yellow
fever virus-infected A. aegypti and seven each of West Nile and
St. Ix>uis encephalitis virus-infected Cufex spp.). and 11 unin-
fected mosquitoes, with 27 positive control samples and 32
negative control samples [Table I). Diluent samples were not
included in statistical analyses. In the case of serotype-specific
assay analyses, heterologous serotypes were considered as neg-
ative specimens. Assay results were as follows: DU-JCM, sensi-
tivity of 100% [27 of 27 samples) and specificity of 94% [30 of 32
samples): DEN-1. sensiti\ity of 100% [six of six samples) and
specificity of 98% [52 of 53 samples): DEN-2. sensitivit\' of 100%
[five of five samples) and specificity of 100% (54 of 54 samples);
DEN-3. sensitivity of 100% [10 of 10 samples) and specificity of
98% [48 of 49 samples); DEN-4. sensitivity of 100% [six of six
samples) and specificity of 100% (53 of 53 samples). The DU-
JCM assay reported two false-positive results [panels 110 and

114). Dengue 1 and 3 assays reported one false-positive result
each (panels 114 and 413. respectively) (Table I). The finding
that both DU-JCM and DEN-1 assays reported panel 114 as
dengue virus positive indicates experimental error. Because one
occurrence of a false-positive result was observed when the
DEN-3 assay was tested against dengue 2 [panel 413). addi-
tional testing will be performed to further delineate observed
results. No cross-reaction was observed with vector species
genomie DNA and medium diluent. Sample processing and RT-
PCR required <2 hours.

Assay Sensitivity and Specificity Testing with Clinical
Specimens

Testing was aceomplished with a blind panel of eight dengue
viremic [dengue 2) and 31 non-dengue-infected febrile patient
serum specimens [Table II). Dengue virus universal assay in
vitro sensitivity was 100% [eight of eight samples) and specificity
was 100% (31 of 31 samples). DEN-2 assay in vitro sensitivity
was 88% (seven of eight samples) when tested against the hu-
man serum panel, with one false-negative result, and specificity
was 100% [31 of 31 samples) when tested against non-dengue-
infected specimens. Dengue 1, 3. and 4 assays displayed no
cross-reactivity with dengue 2 serotype. Nucleic acid integrity of
the human serum samples presented an unknown variable be-
cause of a lack of history regarding collection conditions, trans-
portation and storage temperatures, and number of freeze-thaw
cycles. Human genomic DNA displayed no detectable fiuores-
cence above background levels. Sample processing and real-
time RT-PCR required <2 hours.

Discussion

We have described a rapid, sensitive, specific dengue virus
RT-PCR assay system for screening and serotype identification
of infected mosquito vectors and human sera. The augmenta-
tion of traditional laboratory-based testing with field-deployable
RT-FCR can enhance dengue virus surveillance capability and
provides a promising aid in rapid clinical laboratory diagnostics
in fixed-site and deployed medical locales.

Development of pathogen identification assays with field-du-
rable instrumentation fulfills a fundamental requirement in the
realization of a complete field-deployable assay platform. Al-
though the R,A.P.1.D provides field-deployable. real-time PCR
instrumentation, an omnipotent, field-deployable. assay plat-
form requires additional components, including thermostable
assay reagents and control nucleic acid, and field-formatted
sample preservation and nucleic acid isolation technologies.
Therefore, in 2001, the Department of Defense established the
Joint Biological Agent Identification and Diagnostic System pro-
gram to develop a complete field-ready system for rapid medical
surveillance and diagnostic testing at fixed-site and deployed
locations.'"'The system and components (protocols and assays)
will be cleared by the Food and Drug Administration for patient
care use. Our experiences described below emphasize the need
for a standardized system approach.

Sun'eillance studies conducted under austere conditions
present logistical and operational constraints that make it im-
practical to transport, store, and prepare PCR reagents and
control nucleic acid. Where resources for cold chain mainte-
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nance are unreliable or nonexistent, unknown variables in en-
zymatic activit}' and control nucleic acid integrity result. More-
over, sample integrity comes into question when sample
collections are made distant to the laboratory or support facili-
ties, Exposure to ambient temperature and freeze-thaw occur-
rences during transportation often present unknown variables
in nucleic acid integrity of the sample. Also, nucleic acid extrae-
tlon and preservation reagents designated as hazardous mate-
rials present logistical constraints because of transportation
and shipping restrictions,

To meet logistical and operational constraints, we have fo-
cused most intensely on the most vulnerable components of the
field-deployable assay platform, namely, PCR enzymes and con-
trol nucleic acid template. The inherent fragilit\' of RNA makes
maintaining RT-PCR target template integrity an especially
daunting task. To ensure the validit}' of field-formatted assays,
we are integrating thermostable, hydrolytic enzyme-shielded.
Armored RNA control template (Ambion RNA Diagnostics, Aus-
tin. Texas) and lyophilized master mixture reagents (Idaho Tech-
nology) into our research protocols. These products proWde
master mixture reagents and positive control samples that are
easily transported, are field-sustainable, and require only hy-
dration and addition of sample template for analyses. In addi-
tion to the value of Armored RNA in meeting logistical and
operational constraints, there is also promise for development of
quantitative \1ral assays." Our preliminary laboratory evalua-
tion of commercial, pre formatted, thermostable, nucleic acid
isolation reagents has shown promise for improved field-col-
lected sample processing as well as sample stabilization, partic-
ularly for RNA-based viruses, Therefore, the lessons learned
from this study and subsequent studies, along with probe in-
formation and protocols, wili be provided to the Joint Program
Executive Office for Chemical and Biological Defense, as stipu-
lated in the Critical Reagents Program multilaboratory agree-
ment. Under this agreement, information and materials pro-
vided by government laboratories are evaluated for use in
development of assays, protocols, and procedures for joint ef-
forts, including the Joint Biological Agent Identification and
Diagnostic System program (unpublished data).

In summaiy. this article illustrates the potential operational
utility of using dengue virus assays for rapid, sensitive, and
specific screening and serotype identification in mosquito vec-
tors and human sera, on field-deployable instrumentation. This
system also shows promise for development into a fully deploy-
able package for epidemiological sur\^eiilance of dengue \1rus
and a field-expedient method to augment traditional clinical
laboratory diagnostic techniques.
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